Objectives: Identification of the causal impact of self-esteem on smoking stages faces seemingly insurmountable problems in observational data, where self-esteem is not manipulable by the researcher and cannot be assigned randomly. The aim of this study was to find out if weaker self-esteem in adolescence is a risk factor of cigarette smoking in a longitudinal study in Iran. Methods: In this longitudinal study, 4,853 students (14e18 years) completed a self-administered multiple-choice anonym questionnaire. The students were evaluated twice, 12 months apart. Students were matched based on coarsened exact matching on pretreatment variables, including age, gender, smoking stages at the first wave of study, socioeconomic status, general risk-taking behavior, having a smoker in the family, having a smoker friend, attitude toward smoking, and self-injury, to ensure statistically equivalent comparison groups. Self-esteem was measured using the Rosenberg 10-item questionnaire and were classified using a latent class analysis. After matching, the effect of self-esteem was evaluated using a multinomial logistic model. Results: In the causal fitted model, for adolescents with weaker self-esteem relative to those with stronger self-esteem, the relative risk for experimenters and regular smokers relative to nonsmokers would be expected to increase by a factor of 2.2 (1.9e2.6) and 2.0 (1.5e2.6), respectively.
Introduction
Cigarette smoking is one of the most important public health problems [1] , and reviewing the studies in Iranian adolescents, an increasing trend in smoking prevalence in Iranian adolescents can easily be observed [2] . Despite differences in smoking prevalence in different countries, a major concern is that the age of initiating smoking is decreasing in both developed and developing countries [3] . Many of the smokers begin smoking before 18 years of age [4] .
A variety of factors such as low conscientiousness, high neuroticism [5, 6] , and low agreeableness [6] , as well as depressiveness [7] have been associated with smoking. Low self-esteem in adolescence predicts vulnerability to depression [8e10] , and smoking is a predictor of depression [11] . Low self-esteem in adolescence also relates to a variety of health risk behaviors [12] . Selfesteem has been reported to relate to aspects of adolescent smoking behavior [13, 14] . The use of substances is a way to cope with negative feelings and escape from stressors in low self-esteem adolescents [15] . Some studies contradicted these findings, and noted an insignificant association between low self-esteem and the specified risk behaviors [16, 17] such as smoking and substances use [18, 19] .
All in all, smokers often have weaker self-esteem and those with weaker self-esteem are expected to smoke. The majority of studies about the relationship of selfesteem and smoking conducted in adolescents have been cross sectional [20, 21] and cohort [22, 23] studies. Identification of the causal impact of self-esteem on smoking stages faces seemingly insurmountable problems in observational data, where self-esteem is not manipulable by the researcher and cannot be assigned randomly [24] . Matching and reweighting estimators offer an approach to causal inference using observational data [25] .
The perspective toward the concept of self-esteem and smoking might be varied in Iranian adolescents. The disparities in different studies may be due to variations in demographic groups, culture, and definitions of selfesteem [26] . The aim of this study was to find out if weaker self-esteem in adolescence is a risk factor of cigarette smoking using coarsened exact matching (CEM) in a longitudinal study in Iran.
Materials and methods

Participants
In this school-based longitudinal study (with 2 waves during 2010e2012) , a representative sample of 10-grade students of Tabriz (north-west of Iran) were randomly selected by considering the type of school and the number of students in each school. Overall, 196 classes (out of about 865 classes, 82 boys' and 114 girls' classes) were randomly selected. All 5,106 students of these classes were invited to participate in the study. More details about sampling can be found elsewhere [27] . Finally, 4,853 students (14e18 years) completed a self-administered multiple-choice anonym questionnaire for the first phase of study. One year later, the same questionnaire was distributed to the same students in order to study the changes in their smoking behavior. The participants were ensured about the voluntary nature of participation and confidentiality of information. This study and the related questionnaire were approved by the East Azerbaijan Province Education Organization and Ethics Committee of Tabriz University of Medical Sciences.
Study tools
We used a standard and valid algorithm for the assessment of smoking stages [28] . Students were classified in three stages of cigarette smoking continuum in the first and second phases of study, according to Mohammadpoorasl et al [19] and Kaplan et al [29] , as follows: (1) never smokers: adolescents who have never smoked (even a puff); (2) experimenters: adolescents who have tried cigarettes (even a puff), but have smoked less than 100 cigarettes in their lifetime; and (3) regular smokers: adolescents who have smoked 100 cigarettes and more in their lifetime, without considering their present consumption. Self-esteem was measured using the Rosenberg 10-item questionnaire in the first phase of the study [30] . Each of these 10 questions was assigned a score of 1e4. The answer choices of these questions include "completely agree," "agree," "disagree," and "completely disagree," with the scores assigned to them being 1, 2, 3, and 4, respectively. Attitude toward smoking among the students was measured through six questions similar to those of Hill et al [31] . The general risk taking behavior was measured in a way similar to that of Kaplan et al [29] using the question "Do you enjoy doing a little risky action?", with a "yes" and "no" response. Socioeconomic status of the students was built based on information regarding their father's education, mother's education, family assets, and family income. It was calculated using the principal component analysis. Using this variable, the students were classified into one of the three socioeconomic status levels of high, middle, and lower.
Data analysis
In this study, we used the CEM method for the estimation of causal effect of self-esteem on smoking behavior of adolescents. The CEM method improves the estimation of causal effects in observational studies by reducing imbalance in covariates between treated and control groups [32, 33] . To compensate for the observational data problem where the treated and control groups are not necessarily identical before treatment, matching estimators attempt to control for pretreatment covariates. The CEM model improves the multivariate balance 342 A. Khosravi, et al between the self-esteem levels. In detail, the CEM algorithm consists of three steps: (1) desired variables of all participants are coarsened temporarily; (2) all participants of the initial cohort are sorted into strata on the basis of their coarsened variables; and (3) only participants with strata containing at least one weaker and one stronger self-esteem are kept and others are discarded. Additionally, a weighting variable is generated to equalize the number of treated (weaker self-esteem) and control (stronger self-esteem) individuals in one stratum. With a CEM-matched sample, the goal is to estimate the average treatment effect on the treated individuals [34] .
Matching is a nonparametric method of controlling for some of or all the confounding influence of pretreatment control variables in observational data [33] . Participants were matched on pretreatment variables, including age, gender, smoking stages at the first wave of study (never smokers, experimenters, and regular smokers), socioeconomic status (low, middle, and high), general risk taking behavior (yes and no), having a smoker in the family (yes and no), having a smoker friend (yes and no), attitude toward smoking (yes and no), and self-injury (yes and no), to ensure statistically equivalent comparison groups to estimate the effect of the self-esteem levels on cigarette smoking behavior 1 year later. The latent class analysis was applied to construct self-esteem as a treatment variable with two categories of weaker and stronger self-esteem. In this model, the latent variable (self-esteem) is not measured directly. Instead, it is measured indirectly by means of 10 questions as observed variables.
A multinomial logistic model was applied to estimate the effect of self-esteem on cigarette smoking behavior incorporating matched weights. The effects were reported as relative risk ratios and 95% confidence interval. All data analyses were performed using STATA v.12.
Results
Of the 4,853 study students, 2,087 (43%) were boys and 2,766 (57%) girls. The mean and standard deviation of the students' age was 15.69 AE 0.73 (age range, 14e19 years). The mean AE standard deviation score of selfesteem in the first phase of study was 17.8 AE 4.87. There were statistically significant differences in selfesteem mean scores in the first phase of study between the groups of never smokers, experimenters, and regular smokers. We used a latent class analysis for dichotomization of self-esteem scores. Participants were classified into those with stronger or weaker self-esteem (53% vs. 47%, respectively). After the matching, a matched subsample (n Z 4,198) was used for analysis.
After 1-year follow-up in 2011, 3,962 individuals reported their smoking stages (5.6% missing to followup). Table 1 shows the transition in cigarette smoking stages for the first and second phases of the study. Those with weaker self-esteem during adolescence were more likely to be experimenters or regular smokers.
First, we used an unmatched approach for the analysis. In the unmatched cohort analysis of data on the relationship between self-esteem (exposure) and smoking stages 1 year later (outcome), self-esteem was significantly associated with smoking stages in the univariate, but not in the multivariate, analysis adjusting for sex, age, smoking state in the first phase of study, socioeconomic status, general risk taking behavior, having a smoker in the family, having a smoker friend, attitude toward smoking, and self-injury. In the second approach for analysis, CEM was used to make the two groups of weaker and stronger self-esteem statistically equivalent based on age, gender, smoking states in the first phase of study, socioeconomic status, general risk taking behavior, having a smoker in the family, having a smoker friend, attitude toward smoking, and self-injury. Exposure groups were compared regarding the proportion of smoking stages 1 year later using a multinomial logit model incorporating matched weights. In the causal fitted model (Table 2 ), for adolescents with weaker self-esteem relative to those with stronger selfesteem, the relative risk for experimenters and regular smokers relative to nonsmokers would be expected to increase by a factor of 2.2 (1.9e2.6) and 2.0 (1.5e2.6), respectively. In other words, the expected risk of transition in the experimenter or regular smoking stages is higher for individuals who have weaker self-esteem.
Discussion
Estimation of the treatment effect of weaker selfesteem on the progression of smoking stages is the goal of our study. The results of our study revealed that weaker self-esteem was related to adolescent smoking stages. Although self-esteem had an effect in the starting stages of cigarette smoking in our study, it had not played any significant role in the starting stage of cigarette smoking in a cross-sectional analysis of data from the first phase of a study [19] . In another longitudinal study in Iran, 1,785 students were randomly selected and assessed twice, with a 12-month interval; the effect of self-esteem on smoking stages was not significant [22] . In the study of Glendinning and Inglis [35] , no evidence was found in support of a relationship between self-esteem and regular smoking. In line with our study, the role of self-esteem at the starting of smoking among adolescents has been shown in previous longitudinal [13] and cross-sectional [36, 37] studies. In another study, daily smoking among males was associated with a lower initial level of self-esteem [38] .
Using a causal approach, our study indicates that low self-esteem is consistently associated with cigarette smoking. In our model, we used a vector of variables as confounders and matching was done according to these confounder variables. Matching on these predictors is a strength of this study. The relation between each variable with smoking stages previously well assessed. Study of Cremers et al [39] indicated that a positive attitude toward smoking was related to the intention to smoke among boys of high socioeconomic status. Various studies have shown that there is a positive relationship between the presences of a cigarette smoker member in the family and cigarette smoking [19] . Smoking behavior is more frequent among low people of socioeconomic status than among those with a high status [40] . Findings of some studies showed that having a smoker friend is a predictor of transmission between cigarette smoking stages [29, 41, 42] . Previous studies have shown that the prevalence of more advanced stages of cigarette smoking is high among adolescents with general risk taking behavior [19] . Andrews and Duncan [43] have shown that the attitude toward cigarettes significantly predicted both frequency of subsequent cigarette smoking and growth in its use.
Given that all the studies mentioned are observational, the reported relation between self-esteem and smoking stages is an association. The cross-sectional nature of some studies can only act as evidence for the relationship between self-esteem and cigarette smoking stages, and does not show the causality. Our study is one of the main study that used a causal model for a causal inference in smoking field. The key strength of this study is its analytical method, pointing to minimize the bias due to different covariates in a longitudinal study. Risk estimation in our matched study is already more robust than that of the unmatched longitudinal study with a multivariate analysis. Despite using a quite satisfactory methodology and sampling method, generalization of the study results is limited as the study was limited to 10 th grade students of Tabriz city only. Another limitation of this study is that the covariates were evaluated only at the beginning of the study and could have changed during the period of follow-up.
The results of our study revealed that weaker selfesteem was a risk factor for progression in adolescent smoking. In recent years, health professionals have shifted emphasis from treating adult smokers to preventing smoking among children and adolescents. Our findings could be used in developing intervention programs in schools for promoting self-esteem and control of other specified risk factors in adolescents, and as a reference for related research and policy development in Iran and other countries.
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